SPECIFICATION 



TO ALL WHOM IT MAY CONCERN 



BE IT KNOWN that I, Richard John McKay, residing at The Old School House, 
8 Stafford Street, Brewood, Staffordshire ST19 8DX, England, have invented certain 
new and useful THRUST REVERSER FOR A JET ENGINE AND HYDRAULIC 
ACTUATOR of which the following is a specification:- 



THRUST REVERSER FOR A JET ENGINE AND HYDRAULIC 

ACTUATOR 



Technical Field 

This invention relates to a thrust reverser assembly for an aircraft jet engine, 
particularly a gas turbine engine, and relates also to an hydraulic actuating 
system for the thrust reverser. The invention is concerned with thrust 
reversers of the kind which are so constructed as to experience an assisting 
force when being moved from a stowed position to a deployed position, and 
relate particularly, but not exclusively, to thrust reversers of the so called 
"Bucket" type. 

Background Art 

United States patent 5392991 discloses a thrust reverser of the bucket-type 
and it can be seen, from US patent 5392991 that as the thrust reverser is 
deployed from a fully stowed position a point is quickly reached at which the 
forward edges of the thrust reverser shells or elements project into the air 
stream passing over the engine, and thus are urged by the air stream to move 
towards their fully deployed position. However, it can also be seen that as 
the shells approach their fully deployed position they extend into the jet of 
exhaust gasses flowing from the exhaust nozzle of the engine and the load 
imposed by the engine exhaust flow opposes the movement of the shells to 
their fully deployed position. Generally the force applied by the jet exhaust 
flow will exceed the force applied by the air flow around the engine as the 
deployed position is approached. Thus during deployment the shells will 
need to be driven from their fully stowed position to the point at which the 
air flow assists, and then at the end of the deploying movement the shells will 



also need to be driven against the action of the exhaust flow to reach the fully 
deployed position. 

While the invention is described herein in relation to a bucket-type thrust 
reverser it is to be understood that the invention can be applied to any thrust 
reverser configuration in which there is an assisting load on the thrust 
reverser element or elements during deployment of the thrust reverser from 
its fully stowed position to its fully deployed position. 

Thrust reversers typically are deployed by hydraulic piston/cylinder actuators 
which generally, because of the loads involved, are of relatively high volume 
and thus require a large capacity high pressure supply. The high pressure 
supply is derived from one or more hydraulic pumps, and naturally the size 
of the pump or pumps is determined by the flow requirements of the 
hydraulic actuator of the thrust reverser. It is an object of the present 
invention to provide a thrust reverser assembly, and an hydraulic actuator 
system, in which the volume of high pressure fluid required by the actuators 
is reduced and thus the size of the hydraulic supply pump or pumps is 
minimised. 

Disclosure of Invention 

In accordance with the present invention there is provided a thrust reverser 
assembly comprising at least one thrust reverser element which, during 
normal use in association with a jet engine, is movable between a stowed 
position and a deployed position and is so arranged as to experience an 
assisting load during movement of the element from the stowed position 
towards the deployed position, a source of hydraulic fluid under pressure, 
and, a double-acting hydraulic piston and cylinder device for moving said 



element between said stowed and deployed positions, said hydraulic piston 
and cylinder device having a first port through which hydraulic fluid under 
pressure from said source is admitted to one side of said device, said one side 
of the device being a high pressure side during operation of the device in a 
thrust reverser element deploy mode, to displace said element from its stowed 
position, a second port through which hydraulic fluid is displaced from a low 
pressure side of the device during operation in said deploy mode, a return 
line through which hydraulic fluid displaced from said low pressure side of 
said device is returned to said high pressure side of said device in addition to 
said fluid supply from said pressure source, and, a check valve in said return 
line preventing flow of hydraulic fluid from said high pressure side to said 
low pressure side of said device. 

Preferably said return line communicates with a low pressure line which 
receives excess displaced hydraulic fluid not returned from said low pressure 
side to said high pressure side of said device. 

Preferably a flow restrictor controls the rate of discharge of hydraulic fluid 
from said low pressure side of said device so as to control the speed of 
movement of said element at least during its assisting load phase of 
deployment. 

Desirably said flow restrictor is positioned in said return line. 

Alternatively, where excess hydraulic fluid is displaced from said low 
pressure side of said device then said flow restrictor controls the rate at 
which said excess hydraulic fluid flows in said low pressure line. 



Advantageously a further flow restrictor is provided to control the flow rate 
of hydraulic fluid from said high pressure source to the high pressure side of 
said device. 

Preferably said device is operated in a retracting mode to cause deployment 
of said thrust reverser element. 

The invention further resides in an hydraulic system for a thrust reverser 
assembly as defined above. 

Brief Description of the Drawings 

In the accompanying drawings Figures 1 and 2 are diagrammatic views 
illustrating the exhaust nozzle of a gas turbine engine, or similar jet engine, 
and showing the thrust reverser elements of the engine respectively in their 
stowed, and fully deployed positions, 

Figure 3 is a diagrammatic representation of part of an hydraulic system of a 
thrust reverser assembly in accordance with a first example of the present 
invention, 

Figure 4 is a view similar to Figure 3 of a modification of the hydraulic 
system of the assembly . 

Figure 5 is a more detailed hydraulic circuit diagram of the thrust reverser 
assembly of Figure 4, and illustrating the control valves of the hydraulic 
system of the assembly in the positions which they occupy during deployment 
of the thrust reverser elements of the engine, and, 



Figure 6 is a view similar to Figure 5 but showing the valves in the position 
which they occupy during stowing movement of the thrust reverser elements. 

Preferred Mode of Carrying Out the Invention 

Referring first to Figures 1 and 2 of the accompanying drawings it can be 
seen that the exhaust nozzle 11 of the gas turbine engine discharges exhaust 
gasses rearwardly during the normal operation of the engine as indicated by 
the arrows in Figure 1. First and second thrust reverser elements 12, 13 are 
disposed externally of the nozzle 1 1 on opposite sides of the longitudinal 
centre line of the engine, the first and second thrust reverser elements 12, 13 
(sometimes referred to as thrust reverser shells) are pivotally connected, 
about parallel axes 14, 15, to the nozzle assembly 1 1 adjacent the outlet end 
of the nozzle assembly. Figure 1 illustrates the elements 12, 13 in a stowed, 
that is to say an inoperative, position lying along the outer surface of the 
nozzle 1 1 , and allowing exhaust gasses to issue from the nozzle 1 1 
unimpeded. An hydraulic operating system (to be described below) is 
utilised to drive the elements 12, 13 from the stowed position illustrated in 
Figure 1 to a deployed position illustrated in Figure 2, and back from the 
deployed position to the stowed position. 

As can be seen in Figure 2, in their deployed positions the elements 12, 13 
have been pivoted relative to the nozzle 1 1 about the axes 14, 15 to a position 
in which the trailing edges of the elements 12,13 abut on the longitudinal 
centre line of the engine. In the deployed position of the elements 12, 13 the 
elements intercept the flow of exhaust gasses from the nozzle 1 1 and deflect 
the flow outwardly and forwardly so that the flow assists braking in bringing 
the associated aircraft to a halt. It will be understood that thrust reversers are 
deployed during the landing phase of an aircraft's flight, after the aircraft has 



touched-down on the runway . Thus immediately before deployment of the 
thrust reversers there is an air flow over the exterior of the nozzle of the or 
each engine of the aircraft resulting from the movement of the aircraft along 
the runway. Immediately deployment of the elements 12, 13 commences the 
leading edges of the elements 12,13 will project into the air flow around the 
exterior of the nozzle assembly 1 1 and the effect of the airflow hitting the 
under surfaces of both elements 12, 13 will be to generate an assisting load 
on the elements 12, 13 driving them towards their fully deployed positions. 
There is however a forceful flow of gas from the exhaust nozzle and thus as 
the elements 12, 13 approach their fully deployed position they will start to 
intersect the high speed gas flow from the exhaust nozzle and there will be a 
progressively increasing force upon the elements 12, 13 derived from the 
exhaust gas flow, tending to drive the elements 12, 13 back towards their 
stowed position. Before full deployment occurs a position is reached at 
which the air flow and gas flow forces acting on the elements 12, 13 are in 
balance, and hydraulic force from the hydraulic actuating system of the thrust 
reverser assembly is needed to drive the elements 12, 13 to their fully 
deployed positions . 

The aforementioned description of thrust reversers and thrust reverser 
actuation is well known. Reference is made to the generic term jet engine, 
and principally, but not exclusively, the invention is associated with gas 
turbine engines. Furthermore, although a bucket-type thrust reverser 
assembly is illustrated in Figures 1 and 2 it is to be understood that the 
invention can be applied with other forms of thrust reverser in which the 
thrust reverser elements experience an assisting load during deployment. It 
will be understood that deployment of the thrust reverser elements should 
preferably take place very quickly, so that maximum use of thrust reversal 



can be made during the braking phase of the landing. However, stowing 
movement of the thrust reversers can usually take place at a more leisurely 
pace since this will normally happen after the aircraft has been brought to a 
slow speed or a complete halt at which point there is little or no air flow to 
impede the stowing movement, and any continued issuance of exhaust gasses 
from the nozzle 1 1 assists the stowing movement. 

Figures 3 illustrates part of a hydraulic system in accordance with one 
example of the invention for use in deploying and stowing thrust reversers of 
the kind illustrated in Figures 1 and 2. The hydraulic system includes, in 
association with each thrust reverser element 12, 13, a respective double 
acting hydraulic piston and cylinder device 16. The free, outer end of the 
piston rod 17 of the device 16 is coupled to a respective element 12, 13 
through any convenient form of linkage arrangement as will be well 
understood by the skilled addressee of this patent application. In the 
illustrated embodiment the device 16 is intended to be used in a retracting 
mode, that is to say a mode in which the piston rod 17 is withdrawn into the 
cylinder 18, to effect deployment of its respective thrust reverser element. 
However it will be appreciated that alternative designs of thrust reverser 
linkage arrangements may use the extending mode of movement of the piston 
rod 17 to deploy the thrust reverser elements. The piston rod 17 extends 
through one end wall of the cylinder 18 and a seal 19 seals the sliding 
interface of the rod 17 and cylinder 18. Within the cylinder 18 the rod 17 is 
attached to a piston 21, an annular seal 22 carried by the piston 21 sealing the 
sliding interface of the piston and the cylinder wall. The cylinder of the 
device 16 is anchored to the structure of the exhaust nozzle 1 1 of a gas 
turbine engine in any convenient manner in use. 



The wall of the cylinder 18 is provided, adjacent its opposite axial ends 
respectively, with first and second ports 23, 24. The depiction of the 
hydraulic connections to the ports 23, 24 in Figure 3 is a depiction of the 
hydraulic connections which exist during deployment movement of the 
associated thrust reverser element, the device 16 being retracted to effect 
deployment. In this mode of operation, an hydraulic return line 25, 
illustrated in Figure 3 as consisting of three interconnected legs 25a, 25b, 
25c, places the port 24 in communication with the port 23 by way of the inlet 
and outlet of a check valve 27 in the line 25 , conveniently positioned within 
the leg 25c. It can be seen that the check valve 27 prevents flow of hydraulic 
fluid from the port 23 to the port 24. A high pressure hydraulic fluid pump 
28 receives hydraulic fluid from the low pressure source and supplies it, 
under pressure, to the line 25 between the outlet of the check valve 27 and 
the port 23. A low pressure line 26 is in communication with the line 25 
between the inlet of the check valve 27 and the port 24 and can discharge 
hydraulic fluid back to a low pressure side of the hydraulic system which will 
be at a pressure intermediate the high output pressure of the pump 28 and 
atmospheric pressure. It will be understood that the output line 29 from the 
pump 28 to the line 25 could in fact be connected directly to the port 23, or 
to a further port in the wall of the cylinder 18 adjacent the port 23. 

The basic operation when deploying the thrust reverser elements is as 
follows. A deploy signal is given to a control mechanism which operates 
valves (to be described hereinafter) controlling the flow routing of hydraulic 
fluid, and energises the pump 28 assuming that the pump 28 is at this time 
inoperative. Fluid under pressure from the pump 28 is supplied through the 
line 29 to the left hand side of the piston 2 1 and drives the piston 21 to the 
right thus retracting the piston rod 17. Movement of the piston 21 to the 



right displaces hydraulic fluid from the cylinder 1 8 to the right hand side of 
the piston, through the port 24, and into the line 25. During this phase of the 
movement of the piston 21 the fluid pressure at the port 23 exceeds the fluid 
pressure at the port 24 and so the check valve 27 remains closed and fluid 
displaced from the cylinder 18 flows through the legs 25a and 25b of the 
return line 25 and into the low pressure line 26. Although there is some 
restriction to flow in the line 26 the pressure in the legs 25a, 25b is 
insufficient to open the check valve 27. 

However, immediately the thrust reverser elements start to deploy the air 
flow around the exterior of the exhaust nozzle of the engine impinges upon 
the thrust reverser elements and an assisting load is imposed upon the thrust 
reverser elements. Thus the piston 21 is driven to the right in Figure 3 by 
the assisting load acting upon the piston rod 17 . and the pressure at the right 
hand side of the piston 21 increases by comparison with the pressure at the 
left hand side of the piston 21. A flow restrictor 3 1 in the line 29 between 
the pump 28 and the port 23 limits the flow which can pass along the line 29 
from the pump, and thus the pressure at the right hand side of the piston 
slightly exceeds the reduced pressure at the left hand side of the piston and 
the valve 27 opens to allow flow from the leg 25b through the leg 25c and the 
port 23 into the cylinder 18 at the left hand side of the piston 21 . By virtue 
of the volume of the piston rod 17 within the left hand end of the cylinder 18, 
the volume of hydraulic fluid displaced from the right hand side of the piston 
exceeds the volume required at the left hand side of the piston and the excess 
hydraulic fluid is discharged into the low pressure line 26. 

Pump 28 may still be supplying hydraulic fluid to the left hand side of the 
piston at this stage, and so the excess hydraulic fluid discharged into the low 
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pressure line 26 will be greater than the volume of the piston rod 17 within 
the cylinder. The act of returning fluid from the port 24 to the port 23 
permits a reduction in the output capacity, and therefore the size, of the pump 
28 by comparison with a thrust reverser arrangement in which the pump is 
required to supply the whole of the fluid needed at the left side of the piston 
21. 

It will be recognised that the movement of the elements 12, 13 immediately 
after deployment commences, can be extremely rapid by virtue of the 
assisting load. In order that the deployment movement of the thrust reverser 
elements is at a controlled rate, thereby avoiding the risk of damage, a flow 
restrictor 32 is provided in the line 25, conveniently in the leg 25a. The flow 
restrictor 32 controls the rate at which hydraulic fluid is displaced from the 
cylinder 1 8 through the port 24 and thus controls the rate at which the thrust 
reverser elements move under the assisting load. 

It will be recalled that as the fully deployed position of the thrust reverser 
elements is approached the effect of the assisting load is negated by the load 
imposed on the elements as they intersect the exhaust gas flow from the 
nozzle 11 of the jet engine. Thus before the fully deployed position of the 
thrust reverser elements is reached the assisting load is insufficient to move 
the piston 2 1 , and thus the piston 2 1 and therefore the thrust reverser 
elements are driven to the fully deployed position by the pressure flow from 
the pump 28. During this phase of the operation the check valve 27 remains 
closed and fluid displaced from the right hand side of the piston flows to 
drain. 
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Figure 4 is a view similar to Figure 3 of a modification. In Figure 4 the 
restrictor 32 is positioned at the junction of the return line 25 and the low 
pressure line 26 and in essence the restrictor 32 restricts only the excess flow 
from the port 24 which does not return to the port 23 and not the whole flow 
from the port 24. It will be recognised that since the volume flowing through 
the restrictor 32 in Figure 4 is significantly less than the volume flowing 
through the restrictor 32 in Figure 3, then the restrictor 32 of Figure 4 can be 
of a much smaller size. 

As mentioned above Figure 3, and also Figure 4, are basic diagrammatic 
views illustrating the hydraulic arrangement during deployment. The 
hydraulic connections to the ports 23, 24 which are effective during stowing 
movement are not apparent in Figures 3 and 4. However, Figures 5 and 6 
illustrate the hydraulic circuit in a more practical form and show how valving 
is utilized to control the connections to a pair of piston and cylinder devices 
in parallel to achieve both stowing and deployment movement. 

As is apparent from Figures 5 and 6 first and second piston and cylinder 
devices 16 are arranged hydraulically in parallel with one another, each 
device 16 serving to operate a respective thrust reverser element. The 
hydraulic system of Figures 5 and 6 includes two valve blocks depicted 
within rectangular border lines, a first, isolation control valve block 33, and a 
second direction control valve block 34. Within the block 33 a solenoid 
operated valve 35 controls a flow of hydraulic fluid under pressure from the 
pump 28 through a filter 36 to the control port of a normally closed change- 
over valve 37. De-energisation of the solenoid controlling the valve 35 
moves the valve 35 to a position in which no pressure is supplied to the 
control port of the valve 37 and the valve 37 moves, under spring pressure, 



- 12- 

to connect the hydraulic circuit of valve block 34 and the piston and cylinder 
devices 16 to a low pressure line 26. However, upon energisation of the 
solenoid of the valve 35 to stow or deploy the thrust reverser elements the 
valve 37 is caused to move to a position in which the flow of hydraulic fluid 
under pressure from the filter 36 is directed through a line 38 connecting the 
valve blocks 33, 34 and a filter 39 in the block 34 to a line 29 containing the 
restrictor 3 1 and communicating through a line 29a downstream of the 
restrictor 31 with the ports 23 of the devices 16. 

The ports 24 of the devices 16 are connected through a line 40 to a change- 
over valve 41, and, in the position of the change-over valve 41 illustrated in 
Figure 5 the line 40 is connected through a restrictor 32 to the low pressure 
line 26. Additionally, the line 29a between the restrictor 31 and the ports 23 
is connected through a line 29b to the outlet of a check valve 27, the inlet of 
which is connected to the change-over valve 41, and in the position shown, is 
connected within the change-over valve 41 to the line 40. 

It will be recognised therefore that pressure from the pump 28 is supplied to 
the ports 23 to move the pistons of the devices 16 to the left (as shown in 
Figure 5) that is to say to retract the piston rods 17. The fluid displaced from 
the devices 16 through the ports 24 flows through the line 40 to the low 
pressure line 26, and also through the internal connection within the change- 
over valve 41, the check valve 27, the line 29b, and the line 21a, to the ports 
23. Thus the mode of operation is as described with reference to Figure 4. 

In Figure 5, it can be seen that the change-over valve 41 is held hydraulically 
in the position shown against the action of a spring. The hydraulic pressure 
holding the valve 41 in the position shown is derived from the filter 39 
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through a line 42 and a solenoid operated direction reversing valve 43. With 
the solenoid operated valve 43 in the position shown the line 42 is connected 
to the control port of the valve 41 and so holds the shuttle or spool of the 
valve 41 in the position shown against spring force. 

However, reversal of the position of the valve 43, by operation of the 
solenoid of the valve 43, to reverse the operation of the devices 16 to stow 
the thrust reverser moves the valves 43 and 41 to the positions shown in 
Figure 6 in which the devices 1 6 are extended so stowing the thrust reverser 
elements of the engine . Thus in Figure 6 it can be seen that the valve 43 has 
moved so that the line 42 from the filter 39 is now closed and the actuating 
port of the valve 41 is connected through the valve 43 to the low pressure 
line 26. As a result the valve 41 is allowed to move under the action of its 
return spring to a position in which the line 40 is connected through the valve 
41 to a line 44 which receives hydraulic fluid under pressure from the filter 
39. Thus the ports 24 are supplied with hydraulic pressure from the pump 
28. The inlet side of the check valve 27 is isolated, and thus the check valve 
27 has no function in the stowing mode. 

Hydraulic fluid under pressure from the filter 39 is still supplied through the 
restrictor 31, the line 29, and the line 29a to the ports 23. However, the 
effective surface area of the piston 21 of each device 16 exposed to the 
pressure at the port 23 is less than that exposed to the pressure at the port 24 
and so the pistons will be moved to the right (in Figure 6) displacing fluid 
through the ports 23, along the line 29a, the line 29, the restrictor 31 and into 
the line 44 to assist the pump 28 in supplying the necessary volume of 
hydraulic fluid to the left hand sides of the devices 16. As mentioned above 
the speed of stowing movement is not of particular significance, and although 
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both sides of the pistons 21 see the same hydraulic pressure in stowing mode, 
the different effective surface areas of the opposite sides of the pistons 21 
will ensure that the devices 16 are extended gradually thereby stowing the 
thrust reverser elements. 



